Port Curtis is a rapidly growing industrialised and urbanised harbour in Central Queensland, Australia. Water sampling surveys were undertaken in late 2003 and 2004, accompanied by additional sediment sampling to investigate the sources and behaviour of trace metals, and the effects of pH on metal partitioning between dissolved and particulate forms. Sampling and analyses of trace metals in waters and suspended particulates were undertaken along axial transects extending away from possible point-sources within the harbour. Additional sampling was undertaken in selected inlets and major freshwater sources to Port Curtis, including the Fitzroy River. Most dissolved metal concentrations were significantly elevated in Port Curtis compared to the concentrations measured in the adjacent coastal waters. Dissolved cadmium did not exhibit any discernible spatial trend, with concentrations measured in Port Curtis in the range 
Abstract Port Curtis is a rapidly growing industrialised and urbanised harbour in Central The aim of this study was to investigate trace metal behaviour and sources in Port
77
Curtis and surrounding waters by characterising the spatial distributions of the cadmium, 78 copper, nickel, and zinc. Two sampling surveys were undertaken, first along axial transects 79 extending away from possible point sources within the harbour and through the Narrows, 80 and then, following analysis of results, targeted sampling at selected sites (Figure 1 ). This 81 included a repeat axial transect through Port Curtis, and temporal sampling at two selected 82 locations having elevated metal concentrations. Laboratory experiments using sediment 83 from the Narrows were conducted to investigate the effects of pH on metal partitioning 84 between dissolved and particulate phases in sediment re-suspension and digestion tests.
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Materials and methods 87
Study area 88
In Port Curtis, the major component estuaries, the Calliope and Boyne Rivers, the approximately hourly intervals for 7 h, and after 24 h.
126
To minimise sample contamination, all water samples were taken from the front of the 127 boat while the boat was gently cruising forward into the current. On the vessel, care was 128 taken to ensure that contamination was minimised at all times by ensuring that staff 129 handling the samplers and sample bottles wore powder-free disposable vinyl gloves.
130
Samples were taken from surface water at a single depth of 0.5 m because the waters of Low-density polyethylene (Nalgene) bottles were used for water sampling in the field and The salinity of waters collected in Survey 1 was determined using the micro-scale 162 chlorinity titration method of Grasshoff et al. (1983) . A water quality analyser multi-probe 163 (YSI 6600) was used in Survey 2 to determine water temperature, salinity, pH, and 164 dissolved oxygen concentrations, which was calibrated immediately before use following 165 the manufacturer's instructions. Both methods used to measure salinity were cross checked 166 using a laboratory seawater sample of known salinity. 
176
The relationship between water pH and metal mobilisation from sediment-bound 177 phases was investigated using sediments collected from the mid-Narrows and waters of 178 pH 4 to 9. The sediment was homogenised with a clean plastic spatula in a nitrogen-filled For purposes of quality assurance/quality control (QA/QC), method blanks, method 206 duplicates and spike recoveries were performed on at least 10% of the filtered samples. 
Data analysis 211
Differences in the mean concentrations of dissolved and suspended solid-bound 212 metals, pH, salinity, and suspended solids measured in the Port Curtis, the Narrows, and 
220
Results
221
General water quality parameters 222 The Port Curtis system was dominated by highly saline waters (Figure 2 ). The salinities that were lower than typical oceanic levels were measured in the Calliope River
227
(22.8 PSU) and the Fitzroy River adjacent to the city of Rockhampton (<0.2-11.5 PSU).
228
During the targeted sampling (Survey 2), the pH of waters in Port Curtis, the Narrows, 
Dissolved metal concentrations
241
The analytical detection limits of dissolved cadmium, copper, nickel, and zinc were 1, 19, 
251
There were distinct gradients in trace metal concentrations with the highest concentrations 252 being measured closest to Port Curtis and the Narrows.
253
The dissolved cadmium concentrations measured in the waters of Port Curtis, the 254 Narrows, and the multiple inlets between the Fitzroy River and the northern mouth of the 255 Narrows were in the range <1-38 ng/L, and did not exhibit an observable spatial trend 256 (Table 1) . In Survey 1, the mean dissolved cadmium concentrations measured in Port 
The release of sediment-bound metals with changes in seawater pH
335
Results from aqua-regia metal digests of benthic sediments collected in Port Curtis and 
395
The salinity of the waters of Port Curtis and the Narrows was in the range 33 to 39 396 PSU, and did not decrease at sites in the inner harbour and the Narrows where several 397 creeks and rivers may potentially input fresh water into the system. On the contrary, the 398 salinity was higher in the estuary near the outflows of these inlets than the offshore waters. 
405
The mangrove mud flats and salt marshes along the foreshore of the Narrows and inner 406 harbour are subject to evaporation (Saenger, 1995) . It is likely that the hypersaline Landing sites over the 24-h duration of the sampling period (data not shown).
470
In contrast, the dissolved nickel concentration maximum was located in the central to The Narrows was unlikely to act as a significant source of metals to Port Curtis
505
Harbour because of the difference in concentrations was not particularly great, and the 506 relatively small water volume in the Narrows compared with the harbour. The Calliope
507
River may also contribute natural and/or anthropogenic metals to the waters of this area of 508 the harbour, although rainfall was low before and during both surveys and it is unlikely that outflows from this river had a significant influence on the concentrations during this 510 study. The sites sampled in rivers, creeks, and inlets adjacent to Port Curtis and the 511 Narrows had similar metal concentrations to those measured along adjacent transects, 512 indicating that these waters were probably not acting as substantial metal sources at the 513 time of the survey. It is unlikely that atmospheric deposition contributes significant inputs 514 of metals to the waters sampled, as this would be expected to cause higher concentrations 515 over a broad area (Jickells, 1995; Kremling and Pohl, 1989) .
516
Conclusions 517
Overall, the waters of Port Curtis and the Narrows had a marginally lower water pH and 518 higher salinity, and had elevated metal concentrations compared to the surrounding coastal 
